Abstract
RESULTS
Fifty-two patients aged from 70 to 87 years were treated by FOLFIRINOX, 34 had colorectal cancer and 18 had pancreatic cancer. Most of them were in good general condition, 82.7% had a 0-1 performance status and 61.5% had a Charlson Comorbidity Index < 10. The most frequent severe toxicities were neutropenia (17 patients, n = 32.7%) and diarrhea (35 patients n = 67.3%); 10 of the case of neutropenia and 5 of diarrhea registered a grade 4 toxicity. Thirty-nine patients (75%) initially received an adapted dose of chemotherapy. The dosage was adjusted for 26% of patients during the course of treatment. Tumor response evaluated by RECIST criteria showed a controlled disease for 25 patients (48.1%), a stable disease for 13 and a partial response for 12 patients. Time under treatment was higher for colorectal cancer with a median time of 2.44 mo (95%CI: 1.61-3.25). Overall survival was 43.88 mo for colorectal cancer and 12.51 mo for pancreatic cancer. In univariate or multivariate analysis, none of geriatric parameters were linked to overall survival. Only the type of tumor (pancreatic/colorectal) was linked in both analysis.
INTRODUCTION
In 2016, pancreatic cancer is the fourth leading cause of death by cancer in the United States for patients from 60 to 79 years of age. Between 2005 and 2011, the recorded survival rate at 5 years was of 8% in elderly population [1] . In 2012, in France the incidence was of 6690 cases in patients over 70 years old [2] . With an incidence of 134490 new cases per year in the United States, colorectal cancer is the third most common and lethal cancer in 2016 [1] . In France, it is also the third most common cancer in the general population with a majority of patients over 70 years old (58% in 2012) [2] . These proportions will probably increase in the future. Recent studies have already proved the efficiency of a triple-drug combination of fluorouracil, oxaliplatin and irinotecan (FOLFIRINOX) in both types of cancer. For metastatic pancreatic cancer a phase 2-3 trial demonstrated a survival advantage when FOLFIRINOX was used as a first-line therapy compared to gemcitabine, but the patients involved were under 76 years old [3] . For colorectal cancer, this chemotherapy regimen has shown efficiency in association alone or in association with bevacizumab or cetuximab as first-line therapy [4] [5] [6] [7] and for more advanced stages, refractory to oxaliplatin and irinotecan [8] . It can also be used as a neo-adjuvant treatment for locally advanced or metastatic rectal cancer as part of a clinical trial [9, 10] . Concerning these cancers, elderly patients are underrepresented in trials, or are selected according to their general condition [11, 12] . Therefore, there is a lack of evidence-based data when it comes to an older population. The older cancer population is heterogeneous with differences in co-morbidities, functional statuses, geriatric syndroms and socioeconomic aspects [13] . The G8 instrument was approved as a screening tool to identify older patients who needed a geriatric assessment [11] . When it is carried out, it can influence the decision of oncological treatment. The patient's biological age should ideally be established through this comprehensive geriatric assessment. Age alone should not be an exclusion criteria for the use of new targeted treatments, especially for metastatic colorectal cancer [14, 15] . Few trials had already shown that for selected elderly patients, chemotherapy with 5 fluorouracil (5FU), oxaliplatin or irinotecan is feasible with manageable toxicity levels [16] [17] [18] [19] [20] [21] [22] [23] [24] . In this retrospective study we report the tolerance and efficacy of FOLFIRINOX in patients over 70 years old treated in our center.
MATERIALS AND METHODS

Study design
This retrospective study was carried out at GeorgesFrancois Leclerc Center from January 2009 to January 2015. The use of FOLFIRINOX was evaluated and validated by the local multidisciplinary staff. This protocol has been proposed by the referent oncologist for patients who received FOLFIRINOX after 70 years with locally advanced or metastatic pancreatic cancer, or with metastatic colorectal cancer in first-line treatment, or a more advanced stage. All treatments were validated in multidisciplinary staff. Two patients with rectal cancer who had received FOLFIRINOX as neoadjuvant treatment as part of a clinical trial were included (GRECCAR 4).
Patients characteristics
The study included patients over 70 years old who received FOLFIRINOX, for locally advanced or metastatic pancreatic or colorectal cancer, whatever the treatment line.
We used 70 years old as cut off, because on retrospective evidence, the incidence of geriatric problems increases sharply after 70 years old in oncologic population [25] . Almost, main oncogeriatric studies, with recommendations from the SIOG, are using the age of 70 years old as cut off for geriatric assessment and developing geriatric screening tools [26, 27] . For all patients, cancer was histologically confirmed. Patients had to have adequate bone marrow function (granulocyte count > 1500 per cubic millimeter, hemoglobin > 9.0 g/dL and platelet count > 100000 per cubic meter), liver function [total bilirubin < 3 times the upper limit of normal (ULN) and aspartate/alanine transaminases < 5 times the ULN], and renal function (creatinine < 1.2 mg/dL or creatinine clearance > 50 mL/min).
Exclusion criteria were an uncontrolled infection, pre-existing neuropathy grade ≤ 1, a history of drug hypersensitivity, active concomitant malignancy, and concurrent severe medical conditions.
Treatment
The FOLFIRINOX regimen consisted of oxaliplatin at a dose of 85 mg per square meter, given as a 2-h intravenous infusion, immediately followed by leucovorin at a dose of 400 mg per square meter, given as a 2-h intravenous infusion, with the addition, after 30 min of irinotecan at a dose of 180 mg per square meter, given as 90-min intravenous infusion. This treatment was immediately followed by 5FU at a dose of 400 mg per square meter, administered by intravenous bolus, followed by a continuous intravenous infusion of 2400 mg per square meter over a 46-h period. This sequence was repeted every 2 wk. For metastatic colorectal cancer, chemotherapy could be associated with targeted therapies such as bevacizumab or cetuximab. Dose reductions were based on adverse events that were graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.03. Treatment was temporarily suspended in cases of grade 3/4 hematological toxicity or grade 2 or higher non-hematological toxicity. Once the toxicity level was reduced to grade 1 or below, chemotherapy was continued at a lower dose. The treatment was suspended if the patients experienced further toxicity. Dose re-escalation was not applied in this setting. Treatment continued until disease progression, unacceptable toxicity, or patient refusal. As a reminder, FOLFIRINOX was not necessarily administrated as first line therapy for both types of cancer.
Pretreatment and follow-up evaluation
Pretreatment evaluation included comorbidities (heart/ lung/liver), usual medications, ECOG performance status, home help, autonomy, metastatic status, metastatic site (liver/lung/peritoneum/other), tumor marker level (ACE, CA 19-9), albumin levels, the use of a targeted therapy (anti-VEGF/anti-EGFR). Tumor response was evaluated using RECIST criteria. Followup evaluation included tumor assessment by thorax abdominal and pelvic CT-Scan, tumor marker levels, loss of autonomy, toxicities. Toxicity was graded according to the CTCAE version 4.03. The loss of autonomy was defined by home helps or a convalescence.
Statistical analysis
All patients were followed up until death or the end of data recording (31 January 2015). The time under treatment was defined as the period between the first and last cure of FOLFIRINOX, without progression during this period. Progression free survival was calculated from the date when therapy started to the date of disease progression, and Overall Survival was calculated from the date when therapy started to the date of death. Median follow-up with its 95%CI was calculated using the reverse Kaplan-Meier method. Patient or disease characteristics were examined using the χ 2 test or Fisher's exact test for qualitative variables, and the Student t or Mann-Whitney tests for continuous variables, as appropriate. Survival probabilities were estimated using the Kaplan-Meier method and survival curves were compared using the log-rank test.
Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, United States). All tests were two sided, and P values < 0.05 were considered statistically significant.
RESULTS
Patients characteristics
Between January 2009 and January 2015, a total of 52 patients aged from 70 to 87 years of age were treated at the Department of Medical Oncology, Georges-Francois Leclerc Cancer Center, Dijon, France by FOLFIRINOX, with or without targeted therapy associated, for pancreatic or colorectal cancer. The main demographic and baseline characteristics of patients involved in the study are shown in Table 1 .
The average age was 75, with a median of 74 years of age. The majority of patients had a good general condition, 82.7% (n = 43) were 0-1 performance (67.3%), anemia (52.8%), neutropenia (46.2%) and nausea/vomiting (42.3%).
When focusing on severe sides effects, neutropenia (32.7, n = 24) and diarrhea (25%, n = 13) were the most frequent (Table 2) .
Concerning treatment administration, initially, a majority of patients had a reduced dose (75%, n = 39), particularly for irinotecan (67.3%, n = 35), bolus of 5FU (25%) and continuous infusion of 5FU (21.1%). Only 7 patients had a dose reduction of oxaliplatin. During treatment, 26.9% of patients had a dose adjustment (n = 14). The treatment was stopped for 20 patients (38.5%) because of an excessive toxicity and for 15 patients (28.8%) due to disease progression. Almost, 25% of patients could benefited from a maintenance therapy (n = 13) after a response or a stabilization of the disease. Most patients died from cancer, and 5 patients are still alive (only patients with colorectal cancer, including 2 with FOLFIRINOX as a neo adjuvant treatment).
Objective tumor response and survival
The assessment of the best tumor response according to RECIST criteria, showed a progression for 21.1% of patients (n = 11), a stable disease for 25% (n = 13), a partial response for 23.1% (n = 12). Only one patient presented a complete response. Accordingly, the objective response rate was 25% and the disease control rate was 50%. A total of 16 patients couldn't be evaluated because of an early clinical progression or death.
The median time under treatment was 2.62 mo for colorectal cancer and 2.24 mo for pancreatic cancer (Figure 1) .
Overall survival was 43.38 mo (29.64-47.87) for patients with colorectal cancer and 12.51 mo (8.85-17.2) for pancreatic cancer (Figure 2) .
In univariate and multivariate analysis, none of geriatric parameters were linked to overall survival or time under treatment (age, comorbidities, autonomy, ECOG performance status, CCI and medication status and 94.2% (n = 49) had complete autonomy at home. Although 71.2% of patients had comorbidities, the majority of them did not concern vital functions (heart, lung and liver). The Charlson Comorbidity Index (CCI) for general people with a metastatic tumor and without comorbidities is 9 for people aged 70 to 79 years, and 10 for those aged 80 to 89 years. Thirtytwo patients (61.5%) had a CCI < 10. The nutritional assessment showed an upper rate of albumin in 30 g/L for 40.4% of patients.
All 52 patients were assessable for toxicity, survival and radiological response using RECIST criteria.
Toxicity and feasibility
A total of 311 cycles of chemotherapy were administrated (median 4.5; range: 1-20). Hematological and non hematological toxicities are listed in Table 2 . Any grade 3 or 4 toxicity according to the CTCAE 4.03 was considered severe.
Regarding all toxicity grades more than 1/3 the patients suffered from asthenia (94.2%), diarrhea number). Only the type of tumor (pancreas or colorectal) was linked to overall survival in univariate and multivariate analysis, obviously in favor of colorectal cancer (Tables 3 and 4) .
DISCUSSION
This retrospective study showed that polychemotherapies considered toxic, like FOLFIRINOX, is feasible in a geriatric population with a good general condition, probably thanks to an initial dose adaptation. Age alone should not be a limiting factor for using this type of treatment. Elderly patients require a global geriatric assessment. Our study population was healthier than a standard geriatric population with metastatic cancer. Indeed 82.7% of patients had a 0-1 performance status and 61.5% had a CCI < 10 in our study. However, for ethical reasons, a triple-drug combination cannot be given to an unhealthy patient with a performance status > 2.
A phase 2-3 French trial that compared gemcitabine to FOLFIRINOX for metastatic pancreatic cancer, had already demonstrated the efficiency of this combination [3] . But the patients in the study were younger and had a good performance status. In this trial, overall survival was 11.1 months in FOLFIRINOX group (95%CI: 9.0-13.1). This results are comparable to the results of our study with an overall survival of 12.51 mo. Another phase 3 trial, this time comparing gemcitabine to gemcitabine plus nab-paclitaxel in pancreatic cancer, showed a median of overall survival of 8.5 mo (95%CI: 7.9-9.5) for nab-paclitaxel group, which was better than the gemcitabine alone group, knowing that the median age in this group was Product-limit survival estimate with number of subjects at risk 62 [28] . These results are in favor of administrating FOLFIRINOX in pancreatic cancer, even for elderly patients. Concerning colorectal cancer, we could observe a median overall survival of 43.38 mo (95%CI: 29.64-47.87), which is clearly higher than in other trials, involving younger patients [4] [5] [6] 29, 30] . ASCO 2016 presented the first results of the phase 2 multicentric french trial METHEP-2, which tends to confirm the superiority of FOLFIRINOX associated to biotherapies versus a bi-chemotherapy for colorectal cancer with initially unresectable liver metastases [7] . Median overall survival was of 36 mo for bi-chemotherapy, and hasn't been reached for FOLFIRINOX group. Time under treatment for colorectal cancer in our study was low (2.62 mo), contrasting with high overall survival rates. We could suspect that either colorectal cancer progresses slowly or that tumor response obtained with FOLFIRINOX induces a prolonged control of the disease.
In important trials [4] [5] [6] 31, 32] , most common severe toxicities (grade ≥ 3) with this chemotherapy were neutropenia and diarrhea. In our geriatric population, severe neutropenia rates were similar to the rates observed in the literature data for younger patients, 
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with approximatively a third of patients who underwent neutropenia (32.7%). Seventy-five percent of patients had a reduction in the dosage of chemotherapy from the start: 67.3% for irinotecan and 25% for bolus of 5FU. It is thanks to this dose reduction that our geriatric population did not suffer more of neutropenia than a younger population. Systematically using GCSF, could clearly reduce the proportion of severe neutropenia rates. The only severe toxicity that was more frequent than in other studies, was diarrhea. Indeed 25% of our population (n = 13) was concerned. Systematically prescribing antidiarrheal treatments should be recommended.
Our study limits were the retrospective and monocentric plan. However, there was little missing data for patients. Also, we could consider that 52 patients is a poor recruitment, but regarding the characteristics of the population we studied (the elderly people with pancreatic/colorectal cancer, able to receive FOLFIRINOX), these numbers are clearly acceptable. Finally, carrying out a study including both pancreatic and colorectal cancer, which are two different types of cancer when it comes to evolution and prognosis, can be questionable at first. But the primary objective of our study was to evaluate the feasibility of FOLFIRINOX in an elderly population, whatever the primary tumor.
In conclusion, FOLFIRINOX is a triple-drug combination feasible in geriatric population, over 70 years of age, with manageable toxicity levels and interesting rates of overall survival, especially for colorectal cancer, compared to a younger population. Currently, a phase 2 French trial, PAMELA-70, is trying to confirm these results by evaluating the efficiency and tolerance of dose adjusted FOLFIRINOX in elderly patients with a metastatic pancreatic cancer [33] .
COMMENTS
Background
FOLFIRINOX regimen is an effective chemotherapy for locally advanced or metastatic pancreatic and colorectal cancer. However, datas are lacking concerning the use of this chemotherapy for elderly people.
Research frontiers
Most studies demonstrating the efficacy of FOLFIRINOX didn't include elderly patients, aged more than 70 or 75 years old. We treated patients aged more than 70 years old, usually with an initial dose adaptation.
Innovations and breakthroughs
The median overall survival was 43.88 mo for colorectal cancer and 12.51 mo for pancreatic cancer in this geriatric population, similar, even higher, compared to younger people. Only a third (32.7%) had severe neutropenia and a quarter had severe diarrhea.
Applications
This study submit the possibility of using FOLFIRINOX for elderly people aged more than 70 years old by paying attention to main severe toxicities, as neutropenia and diarrhea.
Terminology
FOLFIRINOX regimen consisted of oxaliplatin at a dose of 85 mg per square meter, given as a 2-h intravenous infusion, immediately followed by leucovorin at a dose of 400 mg per square meter, given as a 2-h intravenous infusion, with the addition, after 30 min of irinotecan at a dose of 180 mg per squar meter, given as 90-min intravenous infusion. This treatment was immediately followed by 5 fluorouracil at a dose of 400 mg per square meter, administred by intravenous bolus, followed by a continuous intravenous infusion of 2400 mg per square meter over 46-h period.
Peer-review
The manuscript by Guion-Dusserre and colleagues analyzes FOLFIRINOX in elderly patients with pancreatic (PDAC) and colorectal (CRC) cancer. This retrospective study included patients over 70 years and 52 patients were treated by FOLFIRINOX, 34 had CRC and 18 had PDAC. The authors show that FOLFIRINOX toxicities were manageable and that median survival rates were comparably good. This is a well written and clinical interesting and relevant study.
